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7KHWHQVLOHVWUDLQFDSDFLW\RIDSLSHOLQH LVFRQWUROOHGE\ WKHWHQVLOHVWUDLQFDSDFLW\RI LWVJLUWKZHOGV7KHJLUWK
ZHOGVKHUHUHIHUWRWKHHQWLUHZHOGUHJLRQLQFOXGLQJWKHZHOGPHWDODQGWKHKHDWDIIHFWHG]RQH+$=*LUWKZHOGV
WHQGWREHWKHZHDNHVWOLQNGXHWRWKHSRVVLEOHH[LVWHQFHRIZHOGGHIHFWVDQGRIWHQGHWHULRUDWLYHPHWDOOXUJLFDODQGRU
PHFKDQLFDO SURSHUW\ FKDQJHV IURP ZHOGLQJ WKHUPDO F\FOHV &RQVHTXHQWO\ 76& LV UHODWHG WR WKH JLUWK ZHOGLQJ
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7(675(6($5&+
7KHWHVWVLQFOXGHWKHWHQVLOHWHVWKDUGQHVVWHVW6(17WHVWDQG&:3WHVW
3.1. Tensile test 
7DEOH  VKRZV WKH WHQVLOH WHVW UHVXOW IURP HLJKW SRVLWLRQ DORQJ WKH FLUFXPIHUHQFH RI WKH SLSH <LHOG VWUHQJWK
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
)LJ(QJLQHHULQJVWUHVVVWUDLQFXUYHVIRUDOOZHOGPHWDOWHQVLOHWHVW
3.2. Hardness test 
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3.3. SENT test 
7KHUHODWHGSXEOLVKHGZRUNVLPSO\WKDWIUDFWXUHWRXJKQHVVREWDLQHGIURP6(17WHVWLVPRUHVLPLODUWRIXOOSLSH
WHVW WKDQ6(1%WHVW >@ZLWKDPRGHUDWHFRQVHUYDWLRQ)XUWKHUVWXG\VKRZVWKDW WKH5FXUYHVIRU6(17DQGIXOO
VFDOH WHVWV PDWFK FORVHO\ LI WKH D: UDWLR IRU WKH 6(17 WHVW LV ODUJHU E\  WKDQ WKH IXOOVFDOH DW UDWLR >@
7KHUHIRUHD6(17WHVWZDVFRQGXFWHG WR LQYHVWLJDWLRQ WKHGXFWLOHIUDFWXUHEHKDYLRURIDFLUFXPIHUHQWLDOGHIHFW LQ
JLUWK ZHOG VXEMHFWHG WR SODVWLF VWUDLQ 6SHFLPHQV FURVV VHFWLRQ ZLWK %   : ZHUH WDNHQ DORQJ WKH ORQJLWXGLQDO
GLUHFWLRQRIWKHSLSH&UDFNORFDWLRQLV,'VXUIDFHZLWKFUDFNWLSRQWKHIXVLRQOLQHIRUFRQVHUYDWLYHUHVXOWV,QLWLDO
FUDFNGHSWKLVPPWKXVD: WKDWODUJHUE\WKDQWKHIXOOVFDOHDWUDWLRPPPP DVVKRZQLQ
)LJ&RQVHTXHQWO\ WKH5FXUYHRI6(17FDQ UHSUHVHQW WKDWRI IXOOSLSH+HUH OLVW WKH VSHFLPHQVFRQILJXUDWLRQ
FODPSLQJGLVWDQFH:FURVV VHFWLRQ :VLGHJURRYHVGHSWKHDFKVLGHD: QRWFK ORFDWLRQ VXUIDFH
QRWFKIURP,'DVVKRZQLQ)LJ
7KHFUDFNV LQDOO6(17VSHFLPHQVZHUHSUHSDUHGE\ILUVWPDFKLQLQJD VKDUSQRWFKDIWHUZKLFK WKHGHIHFWZDV
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7KHPXOWLVSHFLPHQVWHFKQLTXHZDVDSSOLHGWRPHDVXUHFUDFNJURZWK$IWHUWHVWFRPSOHWLRQWKHVSHFLPHQVZHUH
UHPRYHG IURP WKH WHVWLQJ IUDPH DQGKHDW WLQWHG IRUPLQXWHVDW DERXWć WRPDUN WKHFUDFNJURZWK WHDULQJ
]RQH%RWKWKHLQLWLDODQGILQDOFUDFNGHSWKVDUHPHDVXUHGDWHTXDOO\VSDFHGSRLQWVDQGDYHUDJHGLQDFFRUGDQFHRI
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
)LJ6\PPHWU\SLSHPRGHOIRU)($
7KH DSSURDFK LV SULPDULO\ EDVHG RQ IDLOXUH SUHGLFWLRQ E\ GXFWLOH IUDFWXUH HPDQDWLQJ IURP JLUWKZHOG GHIHFWV
:KHQ WKH IUDFWXUH GULYLQJ IRUFH H[FHHGV WKH PDWHULDO
V GXFWLOH WHDULQJ UHVLVWDQFH 5FXUYH IDLOXUH RFFXUV 7KH
WDQJHQF\DSSURDFKLVRIWHQGHVFULEHGXVLQJDJHRPHWULFFRQVWUXFWLRQWKDWVKRZVDGULYLQJIRUFHFXUYHDQGDPDWHULDO
WRXJKQHVV 5FXUYH RQ D JUDSK WKDW SORWV D IUDFWXUH SDUDPHWHU VXFK DV FUDFN WLS RSHQLQJ GLVSODFHPHQW &72'
YHUVXVFUDFNJURZWK
)($IRUIXOOSLSHWHQVLOHPRGHOZLWKIODZORFDWHGLQIXVLRQOLQHRIJLUWKZHOGLVXVHGWRPRGHOWKHFUDFNGULYLQJ
IRUFH:HOG VWUHQJWKRYHUPDWFK LV GHILQHGDV UHDO VWUDLQVWUHVV FXUYH DV VKRZQ LQ)LJ $OO)($PRGHOVKDYH
EHHQFUHDWHGXVLQJ$%$486$KDOI RI DSLSH VSHFLPHQDVVXPLQJ WUDQVYHUVDO V\PPHWU\ ILUVW FUHDWHV WKH
JHRPHWU\F\OLQGHUZHOGZLWKIXVLRQOLQHVEHYHOZKLFKLVWKHQPHVKHGIRUWKHUHTXLUHPHQWRIIUDFWXUHDQDO\VLVDV
VKRZQLQ)LJ
$ ODUJHGHIRUPDWLRQ IRUPXODWLRQ RI $%$486 VWDQGDUG VROYHU µQOJHRP¶ ZDV XVHG $OO PDWHULDOV ZHUH
PRGHOHGDVHODVWLFSODVWLFDQGZHUHDVVXPHGWRKDUGHQLVRWRSLFDOO\DFFRUGLQJWRWKH9RQ0LVHV\LHOGFULWHULRQ








,Q WKH)($PRGHOV&72'ZDVGHILQHG DW D FRQYHQLHQWQRGHEHKLQG WKHRULJLQDO FUDFN WLS7KLVSRVLWLRQZDV
FKRVHQWRDYRLGFUDFNWLSGLVWRUWLRQVWKDWFDQRFFXUDWWKHRULJLQDOFUDFNWLSGXULQJDGYDQFHGVWDJHVRISODVWLFLW\DV
VKRZQ LQ )LJ  7UDFNLQJ QRGHV DW WKH FUDFN WLS EDVHG RQ WKH WUDGLWLRQDO  &72' GHILQLWLRQLV QRW SUDFWLFDO
FRQVLGHULQJWKHGHIRUPDWLRQQRWHGE\WKHDUURZLQ)LJ>@
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ZLWK VXFFHVVLYHO\ LQFUHDVLQJ IODZKHLJKWV7KLV VHULHVRIPRGHOV UHSUHVHQWHGFUDFNVWDWXVRIDJURZLQJFUDFN7KH
&72'VWUDLQ GULYLQJ IRUFH FXUYHV ZHUH FRQYHUWHG LQWR &72'FUDFN JURZWK FXUYHV WR GHWHUPLQH WDQJHQF\ E\
FRPSDULVRQWRWKHWHDULQJUHVLVWDQFH5FXUYHDVVKRZQLQ)LJ7KH)LJVKRZVWKDWWKHLVRVWUDLQRIKDVD
WDQJHQF\SRLQWZLWKWKH5FXUYHRIWKH6(17WHVW
3.5. CWP test 
Specimens 
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EROWV WKURXJK WKHHQGSODWHV WR WKHPDFKLQHEDVHDQGDFWXDWRU/LQHDUYDULDEOHGLVSODFHPHQW WUDQVGXFHUV/9'7V
ZKHUH XVHG WRPHDVXUH RYHUDOO HORQJDWLRQ DFURVV WKH VSHFLPHQ DQG ORFDO HORQJDWLRQ RYHU D VKRUWHU JDXJH OHQJWK
FHQWHUHG DERXW WKHZHOG$ FOLS JDJHPRXQWHG DFURVV WKHQRWFKZDV XVHG WRPHDVXUH&02'$OO WHVW GDWDZHUH
GLJLWDOO\UHFRUGHGLQFOXGLQJORDGGLVSODFHPHQWDQG&02'
6SHFLPHQV ZHUH DOLJQHG LQ WKH WHVW IUDPH DQG EROWHG LQWR SRVLWLRQ 7KH HQG SODWHV ZHUH VKLPPHG WR SUHYHQW
EHQGLQJ RI WKH VSHFLPHQ GXULQJ LQVWDOODWLRQ HQVXULQJ WKH VSHFLPHQ ZDV SXOOHG IURP D QHXWUDO VWDWH $IWHU WKH
VSHFLPHQ ZDV LQVWDOOHG D VKDNHGRZQ UXQ ZDV FRQGXFWHG E\ ORDGLQJ WKH VSHFLPHQ XS WR  RI WKH VSHFLILHG
QRPLQDO\LHOGORDGDQGWKHQXQORDG7KHSXUSRVHRIWKLVVKDNHGRZQUXQZDVWRHQVXUHSURSHURSHUDWLRQDQGPLQLPDO
K\VWHUHVLVRIWKHLQVWUXPHQWDWLRQ7KHVKDNHGRZQSURFHVVZDVUHSHDWHGXQWLOWKHVSHFLPHQZDVGHHPHGUHDG\WRWHVW
7HVWLQJZDV FRQGXFWHG E\ DSSO\LQJ D WHQVLOH D[LDO ORDG XVLQJ WKH WHVWPDFKLQH LQ VWURNH FRQWURO DW D UDWH QRW
H[FHHGLQJPPPLQ7HVWVZHUHFRQVLGHUHGFRPSOHWHGXQGHURQHRIWKHIROORZLQJFLUFXPVWDQFHV
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SLSHOLQH RIZKLFK DOO VSHFLPHQV RI JLUWKZHOG WHQVLOH WHVW FUDFNHG LQ ³QHDUVHDP ]RQH´7KH UHVXOWV RI UHVLVWDQFH
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